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CLUTCH HAVING A VARIABLE VISCOSITY FLUID 



Technical Field 

This invention relates in general to coupling devices for rotating 
5 machine components and more particularly to a clutch containing a 
variable viscosity fluid for controlling the transfer of torque between 
rotating machine components. 
Background Art 

The typical clutch serves as a coupling between two machine 
10 components which at times must rotate in unison and at other times must 
be disconnected so that the one component may rotate while the other 
remains at rest. Of course, when the clutch is engaged and the two 
components rotate in unison, torque transfers from the driving component 
to the driven component. In most applications a clutch must engage 
15 gradually to avoid imparting mechanical shocks to the equipment of which 
it is a part. 

» 

Clutches come in a variety of designs and configurations and find 
widespread use in automotive and industrial equipment. A good clutch 
should have minimal drag torque, both when engaged and disengaged, 

20 should be relatively insensitive to centrifugal and centripetal forces, should 
be capable of engaging and disengaging at varying speeds and speed 
differentials, should transmit torque bidirectionally, that is in both 
directions of rotation, should have low backlash, should damp vibrations, 
and should protect against overload. 

25 Many clutches of current manufacture require complex actuating 

mechanisms to engage and disengage them. These mechanisms 
increase the weight and size of such clutches, not to speak of complexity. 
Indeed, these clutches typically rely on complex linkages to operate 
them, and this adversely affects the responsiveness of the clutches and 

30 their capacity of to modulate the transfer of torque between rotating 
components. 
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Summary of the Invention 

The present invention resides in a clutch having a cam and a rotor 
which rotate about a common axis. The cam has a camming surface and 
the rotor carries pistons which contact the camming surface. Backing the 
5 pistons within the rotor is a rheological fluid, the viscosity of which is 
controlled by suitable means. When the viscosity is low the cam can 
rotate independently of the rotor, with the pistons simply following the 
camming surface. But when the viscosity is higher, the pistons tend to 
grip the camming surface and torque transfers between the cam and the 
10 rotor. The invention also resides in a process for transferring torque using 
a rheological fluid. 
Brief Description of Drawings 

Fig. 1 is a sectional view a housing containing two shafts coupled 
with a clutch constructed in accordance with and embodying the present 
15 invention; 

Fig. 2 is a sectional view of the clutch taken along line 2-2 of Fig. 1; 

and 

Fig. 3 is a sectional view of a modified clutch. 
Best Mode for Carrying Out the Invention 

20 Referring now to the drawings, a clutch A (Fig. 1) couples two 

machine components which rotate, or at least have the capacity to rotate, 
about a common axis X. The components may take the form of a shaft 2 
and a spur gear 4 supported on bearings in a housing 6. Actually the spur 
gear 4 rotates on a bearing 8 fitted to the shaft 2, and the gear 4 meshes 

25 with a pinion 10 that is fitted to another shaft 12 that may lie parallel to the 
shaft 2. The shaft 12 and its pinion 10 likewise rotate in the housing 6. 
Thus, in a broad sense the clutch A couples the two shafts 2 and 12 so 
that one rotates with the other and a torque transfers between the two. 
Moreover, the clutch A permits the shaft 2 and gear 4 to be selectively 

30 engaged with and disengaged from each other. Both engagement and 
disengagement occur smoothly so that the shafts 2 and 12 and the spur 
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gear 4 and pinion 10 are not subjected to abrupt changes in torque which 
might damage them or other machine components to which they are 
connected. 

Turning now to the clutch A itself, it includes (Fig. 2) a cam 20, a 
5 rotor 22 which surrounds the cam 20, and a coil 24 which surrounds the 
rotor 22. All lie concentric around the axis X of rotation. In addition, the 
clutch A includes pistons 26 that are carried by the rotor 22 and operate 
against the cam 20 and a magneto-rheological fluid 28 which is contained 
within the rotor 22. The cam 20 is mounted on the shaft 2 with which it 

10 rotates, whereas the rotor 22 is attached to the spur gear 4 with which it 
rotates. The coil 26 is mounted in a fixed position on the housing 6. In a 
broad sense, the cam 20 constitutes one rotatable clutch member, 
whereas the rotor 22 constitutes another rotatable clutch member, each of 
which, when rotating, revolves, with its axis of rotation being the axis X. 

15 The cam 20 fits firmly to the shaft 2 and may even be formed 

integral with the shaft 2. In any event, it rotates with the shaft 2, its 
rotation at all times being that of the shaft 2. The cam 20 along its 
periphery has a camming surface 30 that includes several lobes 32 that 
are arranged at equal circumferential intervals around the axis X. The 

20 camming surface 30 in transverse cross section may be flat or grooved. 
The several lobes 32 are identical in configuration, and each projects 
exactly the same distance from the axis X. 

The rotor 22 is attached firmly to the spur gear 4, so that it rotates 
with the gear 4, its rotation being that of the gear 4. It has a cylindrical 

25 interior surface 34 and a cylindrical exterior surface 36 which are 
concentric and have their centerlines along the axis X. The diameter of 
the interior surface 34 exceeds the greatest diameter of the cam 20, 
which is at its lobes 32, but not by much. Thus, the cam 20 comes 
closest to the cylindrical interior surface at its lobes 32, and intermediate 

30 the lobes 32 arcuate gaps 38 exist between the camming surface 30 and 
the cylindrical interior surface 34. The rotor 22 contains several sets of 
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bores 40 and counterbores 42, with the former opening out of the 
cylindrical interior surface 34 and the latter into a connecting cavity 44 that 
is enclosed by the rotor 22. As a consequence, all of the counterbores 42 
are in communication through the connecting cavity 44. Each bore 40 
5 and its counterbore 42 forms a piston cavity, and the piston cavities are 
arranged at equal circumferential intervals around the axis X. The rotor 
22 preferably should contain at least twice as many piston cavities, that is 
to say sets of bores 40 and counterbores 42, as there are lobes 32 on the 
cam 20. In this arrangement, half of the bores 40, at some point during 
10 relative rotation between the cam 20 and rotor 22, will align with the lobes 
32 on the cam 20, while the remaining bores 40 lie centered along the 
arcuate gaps 38. 

The pistons 26 reside within the piston cavities formed by the 
bores 40 and counterbores 42 of the rotor 22, there being a single piston 

15 26 in each combination bore 40 and counterbore 42. Each piston 26 
possesses a semispherical inner end 50, a cylindrical side face 52, and 
optionally a flanged outer end 54. The semispherical inner end 50 bears 
against the camming surface 30 of the cam 20. Where the camming 
surface 30 is grooved, its transverse cross-sectional configuration should 

20 conform to the semispherical ends 50 of the pistons 26. The cylindrical 
surface side face 52 lies at least in part within the bore 40, whereas the 
flanged end 54 lies entirely within the larger counterbore 44. The region 
of each counterbores 42 behind the flanged end 54, which is the 
unoccupied region each counterbore 42, together with the connecting 

25 cavity 44 forms a fluid chamber 56 within the rotor 22. As long as the 
semispherical ends 50 of all the pistons 22 remain against the camming 
surface 30 of the cam 20 the volume of the fluid chamber 56 remains 
constant, even though the configuration of the fluid chamber 56 changes 
owing to relative rotation between the cam 20 and rotor 22. Along each of 

30 its bores 40 the rotor 22 is fitted with a seal 58 that wipes the cylindrical 
side face 52 of the piston 26 in that bore 40 to thereby establish a fluid 
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barrier between the inside of the rotor 22, which is occupied by the cam 
20, and the fluid chamber 56 within the rotor 22. Notwithstanding the 
seals 58, the pistons 26 may move toward and away from the axis X - 
and indeed they do when relative rotation occurs between the cam 20 and 
5 the rotor 22. At any time during this relative rotation, except when the 
pistons 26 are centered on the lobes 32 of the cam 20, half of the pistons 
26 will be moving inwardly toward the axis X and the other half will be 
moving outwardly away from the axis X. The displacement of the inwardly 
moving pistons 26 equals the displacement of the outwardly moving 

10 pistons 26 in terms of volume, and as a consequence, the overall volume 
of the fluid chamber 56 does not change. 

In lieu of having all of the piston cavities open into the common 
connecting cavity 44, the piston cavities may be organized into pairs, with 
the piston cavities of each pair being adjacent to each other and in 

15 communication through a connecting channel in the rotor 22. In effect, 
each connecting channels and the unoccupied regions of the piston 
cavities it connects form a fluid chamber of constant volume. 

The seals 58 may be carried by the pistons 26, much as are the 
piston rings of internal combustion engines, and when so located would 

20 wipe the cylindrical surfaces of the bores 44. They may be made from an 
elastomer, such as Viton. 

The magneto-reheological fluid 28 occupies the fluid chamber 56 
in its entirety. No air or gas pockets to speak of exist within the chamber 
56. In view of the Theological properties of the fluid 28, the capacity of the 

25 fluid 28 to flow, that is to say its viscosity, can be altered. Being magneto- 
rheological, the viscosity will change in response to a magnetic field or 
more accurately to variations in a magnetic field within which the fluid 28 
exists. Indeed, using a magnetic field, one can vary the viscosity from 
roughly equivalent to that of water, to almost a solid - the stronger the 

30 field, the greater the viscocity. 
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The electrical coil 24 is mounted firmly on the housing 6 where it 
surrounds the rotor 22, and indeed lies quite close to the cylindrical 
exterior surface 36 of the rotor 22. It is connected to a source of electrical 
energy through a control device for varying the current that passes 
5 through it. That current creates a magnetic field, and the rotor 22 and the 
Theological fluid 28 within the rotor 22 lie within that magnetic field. The 
strength of the magnetic field determines the viscosity of the fluid in the 
fluid chamber 56 of the rotor 22. 

In the operation of the clutch A, the shaft 2, which is connected to a 

10 motor of some type, rotates, and it turns the cam 20 that is mounted on it. 
Assuming that the coil 24 is de-energized, in which event the fluid 28 has 
low viscosity, and that the gear 4 and shaft 12 are subjected to a load and 
thus resist rotation, the camming surface 30 of the cam 20 moves over 
the semispherical ends 50 of the pistons 26, causing the pistons 26 to 

15 move inwardly and outwardly in their bores 40 and counterbores 42. 
More particularly, as the lobe 32 on a piston 26 approaches a bore 40 in 
the rotor 22, it drives the piston 26 in that bore 40 farther into the bore 40 
and its counterbore 42, thereby forcing some of the rheological fluid 28 
out of the counterbore 42. At the same time, the camming surface 30 

20 moves away from another bore 40. In effect, the fluid 28 displaced from 
the counterbore 42 of diminishing volume flows into the counterbore 42 of 
increasing volume. After all, irrespective of the angular position of the 
cam 20 relative to the rotor 22, the volume of the fluid chamber 56 
remains the same. Thus, when the cam 20 turns with the fluid 28 being at 

25 low viscosity and the rotor 22 impeded from rotating, the cam 20 simply 
revolves within the rotor 22, causing the pistons 26 in the rotor 22 to move 
inwardly and outwardly and the rheological fluid 28 to displace in the fluid 
chamber 56, but not otherwise disturbing the rotor 22. In short, the rotor 
22 remains at rest. 

30 However, when the coil 24 is energized, the rheological fluid 28 

stiffens, that is to say, it becomes more viscous. Possessing less capacity 
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to flow, the fluid 28 does not transfer as well in the counterbores 46 and 
connecting cavity 44 and the pistons 46 exhibit greater resistance to 
reciprocation in their bores 40 and counterbores 44. Indeed, those 
pistons 26 which experience a displacement into the rotor 22, that is to 
5 say, the ones that ride up the camming surface 30 toward a lobe 32, tend 
to grip the cam 30. As the current in the coil 24 increases the viscosity of 
the fluid in the chamber 56 becomes even greater. At some point the fluid 
28 becomes viscous enough to enable the pistons 26 to grip the cam 30 
at its surface 32 with enough force to overcome the resistance of the rotor 

10 22 to rotation. At that point the cam 20 imparts rotation to rotor 22. As a 
consequence, the gear 4 turns and so does the shaft 12 which is 
connected to the gear 4 through the pinion 10. To be sure, the cam 20 
still rotates within the rotor 22 and the pistons 26 move inwardly and 
outwardly, but with less frequency owing to the rotation of the rotor 22. 

15 If enough current is conducted by the coil 24, the Theological fluid 

28 for all intents and purposes almost solidifies. Under these conditions, 
the rotor 22 is locked to the cam 20 and rotates it the same angular 
velocity as the cam 20. 

The camming surface need not be presented outwardly away from 

20 the axis X of rotation as in the clutch A, but instead may be presented 
inwardly toward axis X. Likewise, the cam need not have multiple lobes. 
In this regard, a modified clutch B (Fig. 3) has a cam 70 which rotates 
about an axis X and has a cylindrical camming surface 72 that is eccentric 
to the axis X. The eccentricity, in effect, imparts a lobe to the cylindrical 

25 surface 72. The clutch B also has a rotor 74 which rotates about the axis 
X and contains bores 76 which open into a connecting cavity 78. The 
bores 76 hold pistons 80 which project outwardly and at their ends bear 
against the camming surface 72 on the cam 70. The unoccupied regions 
of the bore 76 together with the connecting cavity 78 form a fluid chamber 

30 82 that contains a magneto-rheological fluid 84. The connecting cavity 78 
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also contains a coil 86 which is immersed in the rheological fluid 84, and 
as such controls the viscosity of the fluid 84. 

Assuming that the coil 86 is not energized and a load is imparted to 
the rotor 74, all while a motor rotates the cam 70, the cam 70 will simply 
5 rotate around the rotor 74, its camming surface 72 driving the pistons 78 
inwardly and outwardly. But when coil 86 is energized, causing the fluid 
84 to become more viscous, the fluid 84 resist displacement of the pistons 
76 in their bores 78. The pistons 76 in effect grip the camming surface 72 
and the rotor 74. The torque so transferred rotates the rotor 74. 

10 Of course, in the clutch A the gear 4 and, along with it, the rotor 22 

may be the driving component and the cam 20 and shaft 2 the driven 
component. The same holds true for the clutch B; the rotor 74 may be the 
driving component and the cam 70 the driven component. Instead of the 
coils 24 and 86 controlling the viscosity of the magneto-rheological fluid 

15 28, a series of permanent magnets may do so, such as by varying their 
distance from the fluid 28. Alternatively, the rheological fluids 28 and 84 
in the clutches A and B may be of the type that responds to electrical 
current conducted through it instead of a magnetic field. Also, the pistons 
26 and 80 need not be circular in cross section, but may have other cross- 

20 sectional configurations as well. Furthermore, in the clutch A the 
counterbores 42 may be eliminated, in which only the bores 40 receive 
the pistons 26, and the pistons 26 may extend all the way into connecting 
cavity 44 which should be deep enough to accommodate their 
reciprocation. Moreover, the camming surface need not be around the 

25 axis of rotation in the sense that it is presented toward or away from the 
axis, but instead may lie in a plane or other envelope through which the 
axis passes, with the axis being oblique to the envelope. In that variation, 
the pistons move axially. 



